ABSTRACT
INTRODUCTION
In the past decade there has been a virtual explosion of interest in the field known as expert systems (or, alternatively, as knowledge-based systems). Appearing from seemingly out of nowhere, expert systems have quickly evolved from an academic notion into a proven and highly marketable product. Expert systems provide powerful and flexible means for obtaining solutions to a variety of problems that often can not be dealt with by other, more orthodox methods.
Nowadays their use is being proliferated to many sectors of our social life, while their applications have proven to be critical in the process of decision support and decision making. In particular, one of the most successful areas in which expert systems are applied is in the clinical laboratory. Medical expert systems have evolved to provide physicians with both structured questions and structured responses within medical domains of specialized knowledge or experience.
The purpose of this paper is to analyze the role that expert systems (ES) will play in healthcare over the next decade. It aims to identify the key clinical areas that will require computerized decision support, and to examine the way in which ES technology may prove to be the key enabling technology.
EXPERT SYSTEMS : AN OVERVIEW Introduction
An expert system (ES) is a computer system containing a well-organized body of knowledge which emulates expert problem solving skills in a bounded domain of expertise. The system is able to achieve expert levels of problem solving performance, which would normally be achieved by a skilled human when confronted with significant problems in the domain (BCS, Expert Systems Specialist Group). Expert systems have arisen as a development within the more general discipline of Artificial Intelligence (AI), which has been an area of academic research for thirty years.
Expert systems are characterized mainly by :
• symbolic logic rather than just numerical calculations • data-driven procedures
• an explicit knowledge base which is understandable to an expert in that area of knowledge, and • ability to explain its conclusions with concepts that are meaningful to the user.
Their Structure
In general, an ES consists of the following basic elements:
• The Knowledge base, which is the very heart of any ES and contains a representation of the human knowledge / experience (rules, semantic networks, frames, predicate logic).
• The Inference engine, which is employed during a consultation session. During consultation, it examines the status of the knowledge base, handles the content of the knowledge base and determines the order in which inferences are made.
• The Working memory, which contain all the results of the inference process during (and at the conclusion of) the consultation session.
• The Input / Output interface, which enables the user to supply facts and data, and enables the system to ask questions or supply advice and explanation.
The following Figure 1 illustrates a typical representation of an expert system. 
Their Advantages
Expert systems have some significant advantages in comparison with the traditional computer systems. These advantages are described in Table 1 .
Uncertainty in Expert Systems
The real world is characterized by uncertainty and fuzziness, expert systems encounter these variables from various sources. Actually there are two primary sources of uncertainty :
• Uncertainty with regard to the validity of the knowledge base content (rules, frames, etc.) • Uncertainty with regard to the validity of a user response ComprehensivenessAn expert can only draw upon his knowledge and experience. In some domain an expert system could encapsulate the knowledge of more than one expert and consequently offer several offers.
Concerning the first category, considering the heuristic rule given by "if a dog barks, then it will not bite," an expert may not be able to state that the rule is always true. On the other hand, the second source of uncertainty is associated with the responses of the user of the expert system. Considering the question of a medical diagnostic expert system, "Does the patient have severe headaches?," the patient may not be able to answer strictly with "yes" or "no".
In order to handle all these types of uncertainty and fuzziness, expert systems can use various methods:
• Bayesian Probability
EXPERT SYSTEMS IN MEDICINE Introduction
According to Clancey & Shortliffe (1984) , "Medical artificial intelligence is primarily concerned with the construction of AI programs that perform diagnosis and make therapy recommendations. Unlike medical applications based on other programming methods, such as purely statistical and probabilistic methods, medical AI programs are based on symbolic models of disease entities and their relationship to patient factors and clinical manifestations."
Much has changed since then, today this definition would be considered narrow in scope and vision. Today, the importance of diagnosis as a task requiring computer support in routine clinical situations receives equal emphasis with other clinical tasks.
Their Role in Clinical Care
The clinical care of a particular patient often proceeds in distinct phases, such as diagnosis before therapy, or prevention of disease before onset of disease, or rehabilitation of the patient after therapy. The analysis of queuing and renewal within human systems has permitted the identification of both decision elements and potential decisions in at least 10 distinct phases of clinical care, as follows. Generating alerts and reminders.
In real-time situations, an expert system attached to a monitor warns of changes in a patient's condition. Otherwise, it scans laboratory test results and sends reminders or warnings.
Diagnostic assistance.
When a patient's case is complex (or rare) or the person making the diagnosis is inexperienced, an expert system helps by giving likely diagnoses based on patient's data.
Therapy critiquing and planning.
Expert systems are used to look for inconsistencies and omissions in an existing treatment plan, or to formulate a treatment based upon a patient's specific condition and accepted treatment guidelines.
Education.
Expert systems are used to train and practice clinicians and students on various medical tasks.
Obstacles & Benefits
Despite the increasing use of expert systems in medicine, it should be stressed that the development of such systems for medical applications has to surpass some basic obstacles, such as:
• Medical tasks are difficult because of differences between individual patients and the uncertainty of the available clinical data.
• The range of acceptable errors is very small because of ethical concerns and malpractice risks.
• Funding for capital expenses is in short supply.
On the other hand, factors that favor increasing dissemination of expert system technology are:
• Cost effectiveness
• Improved quality of patient care.
Famous Medical Expert Systems
In the first decade of Artificial Intelligence in Medicine, most research systems were developed to assist clinicians in the process of diagnosis, typically with the intention that it would be used during a clinical encounter with a patient. Most of them were not developed further than the research laboratory. Others, however, have continued to be developed and have been transformed in part into educational systems.
MYCIN.
It is, at this time, probably the most widely known of all medical expert systems thus far developed [Shortliffe, 1976] . And this is despite the fact that it has never been put into actual practice. It was developed at Stanford University solely as a research effort to provide assistance to physicians in the diagnosis and treatment of meningitis and bacteremia infections.
PUFF.
It was developed in 1979, using the EMYCIN shell. Its purpose is to interpret measurements related to respiratory tests and to identify pulmonary disorders. PUFF is said to now be used on a routine basis.
INTERNIST.
It was developed in the 1970s at the University of Pittsburgh. Its goal is to perform a diagnosis of the majority of diseases associated with the field of internal medicine. It is supposed to consider all the possible combinations of diseases that might be present in the patient.
Iliad. It has been under development for several years, primarily for diagnosis in internal medicine. Now it covers about 1500 diagnoses in this domain based on several thousand findings. Its current use is as a teaching tool for medical students. General Hospital (1987) and is used to assist in the process of diagnosis, taking a set of clinical findings including vital signs, symptoms, and laboratory data. Then it produces a ranked list of diagnoses. DXplain is in routine use at a number of hospitals and medical schools, mostly for clinical education purposes, but it is also available for clinical consultation.
DXplain. It was developed at the Massachusetts

HELP.
It is a knowledge-based hospital information system, which began operation in 1980. It provides clinicians with alerts and reminders, data interpretation and patient diagnosis facilities, patient management suggestions and clinical protocols. HELP is currently operational within 6 major hospitals in Utah and at several sites in USA.
DoseChecker. It was developed at
Barnes Hospital in Missouri in order to assist the staff pharmacists with monitoring drug orders for a set of drugs which must be carefully dosed for patients with possible renal impairment. It has been used in production since September 1994.
QMR. It assists physicians in the diagnosis of an illness based upon the patient's symptoms, examination findings and laboratory tests. It is currently in use at the University of Pittsburgh.
PEIRS. It is a Pathology Expert
Interpretative Reporting System, which interpreted (during its period of operation until 1994) about 80-100 reports a day with a diagnostic accuracy of about 95%.
Apache III. It was designed to predict an individual's risk of dying in the hospital. It compares each individual's medical profile against 18,000 cases in its memory before reaching a prognosis that is (on average) 95% accurate. There are 16 hospitals in USA where APACHE III is in use.
MDDB.
It was designed in order to assist physicians with the diagnosis of dysmorphic syndromes. Up to now the system has been used on about 3,000 patients and all knowledge about these patients has been integrated into the knowledge base. Today it is in routine use.
Hepaxpert I, II. It has been developed in order to interpret tests for Hepatitis A and B and has been in routine at the Hepatitis Lab of University of Vienna Medical School since September 1989.
Jeremiah. It was designed to provide dentists with orthodontic treatment plans for cases suitable for treatment by general dental practitioners with knowledge of removable orthodontic techniques. The program became available commercially in 1992.
Tools for Construction of Medical Expert Systems
Medical expert systems can be constructed generally through the use of one of two types of tools, namely AI languages and expert system shells (or generally speaking tool-kits).
By far the most common of the AI languages used in the development of medical expert system are LISP and PROLOG. Using these languages, the system designer has a great deal of freedom in his choice of knowledge representation techniques and control strategies. However, use of these languages requires a high degree of expertise and skill.
On the other hand, expert system shells (or tool-kits) attempt to combine the flexibility of AI languages with cost-effectiveness to provide more general development facilities.
The following Table  presents , indicatively, some of the most popular expert system shells (commercial software packages) used in the construction of medical expert systems. 
CONCLUSIONS / RECOMMENDATIONS
Today, the limited amount of medical expert systems research is being performed mostly by medical practitioners or academics. Because medical expert systems represent real power and not just academic notion (obviously nor academic illusion), we should court the stable accession of expert system technology to healthcare in general. We should seek to support common clinical problems, which comprise the great bulk of clinical duties, rather than the more complex and rare ones, which may intuitively appeal to academic interests.
We should focus on supporting the patient management process in its entirety, rather than focusing specifically on the subtask of diagnosis. We should focus on supporting patient management throughout primary, secondary and tertiary care institutions, not just in the traditional large hospital setting. Further, applications should be developed for a broad spectrum of clinical users from nurses and physicians to dietitians, pharmacists, and others.
The role of medical expert systems in clinical care is very clear. Based on the recommendations made above, this paper could specify application areas, which are suitable for immediate implementation or further development and exploitation. These clinical application areas include:
• Laboratory systems -Clinical laboratories have proven to be a fertile domain for the use of expert systems.
• Drug advisory systems -There is a clear opportunity to design expert systems which will assist clinicians with the prescription of medications and selection of the most cost-effective treatments.
• Signal interpretation -The development of interpretive alarms for real-time clinical signals in areas like the intensive care unit will offer some assistance with the task of clinical vigilance.
• Quality assurance -There will be a need to check that the different types of knowledge-based systems (which appear in clinical settings) remain up to date.
• Education -The need to continually educate both patients and clinical professionals offers significant opportunities for automated assistance. Indeed, education for most clinicians is an ongoing process. Expert systems should be built with this type of support in mind.
